Although studies indicate school-based HIV/ AIDS education programs effectively reduce risky behaviors, only 33 states and the District
Introduction
The development and implementation of effective health education policies and programs that address risky sexual behaviors among youth is an important and urgent public health issue. American highschool students have substantial morbidity and social problems resulting from unintended pregnancies and sexually transmitted infections (STIs), including HIV infection [1] . According to the 2009 Youth Risk Behavior Survey (YRBS), 46% of high-school students had sexual intercourse, 14% had four or more sex partners, 34% of currently sexually active high-school students (had sexual intercourse within last 3 months) did not use a condom during their last sexual intercourse [2] . In addition, 2% of all US high-school students reported ever injecting an illegal drug [2] . In 2011, an estimated 10 347 young people aged 13-24 years in the United States and Six Dependent Areas reporting to the Centers for Disease Control and Prevention were diagnosed with HIV infection, representing about 26.7% new diagnoses [3] . During 2008-11, Black and Hispanic youths had significantly higher rates of HIV diagnoses than White youths [3] . In 2009, 10% of all pregnancies, or 409 802 pregnancies occurred among adolescents aged 15-19 [4] .
School-based HIV/AIDS education programs are important and effective ways of affecting young people's knowledge, attitudes and behavior about sex-related health issues. Studies have shown that school-based HIV/AIDS education programs can effectively reduce youth risky behaviors including delaying initiation of sex, frequency of sex, number of new partners, incidence of unprotected sex, STIs and pregnancy rates; and increase the use of condoms and contraception among sexually active participants [5] [6] [7] [8] [9] . However, most of the previous studies were based on a small sample size which did not allow for an assessment of school HIV/AIDS education program effectiveness by race/ethnicity and gender-specific effects. Markham and colleagues [8] , and Tortolero and colleagues [9] reported that multi-component, curriculum-based interventions can delay sexual initiation up to 24 months and have positive effects on sexual behaviors and psychosocial outcomes in a large, urban, predominantly African-American and Hispanic school district in Southeast Texas. Due to limited resources, intervention studies such as these, generally target small samples from specific regions, and/ or schools, thus the results may not be generalizable to all American adolescents.
To address this gap in knowledge, we used the national 2009 YRBS to evaluate the association between exposure to HIV/AIDS education programs and 12 key health behavioral outcomes for a nationally representative sample of high-school youth, while simultaneously taking into account race/ethnicity, gender and grade level, including gender and race/ethnicity interactions. We hypothesize that exposure to school-based HIV/AIDS education programs is associated with reduced engagement in risky sexual behaviors and improved academic grades.
Methods
This cross-sectional study analyzed data from the US 2009 YRBS, a self-administered questionnaire, conducted in classrooms during a regular high-school class period. The main limitation of cross-sectional studies is the inability to determine cause and effect, due to the lack of a temporal association between the exposure and outcome.
Study population
There were 16 410 students in 158 schools across America surveyed in 2009. The YRBS three-stage cluster sampling methodology is designed to represent 9th-12th grade US students. The target population comprises all public and private high-school students in the 50 states and District of Columbia. Black and Hispanic students were oversampled. Additional details on YRBS sampling strategy have been previously reported [2] .
Main exposure
The main exposure in our multiple regression models is school HIV/AIDS education status based on the question, 'Have you ever been taught about AIDS or HIV infection in school?' The response options were 'Yes', 'No' and 'Not sure'. 'Not sure' responses to this and all subsequent questions were re-coded as missing in our analysis.
Demographic independent variables: Gender, race/ethnicity and grade level.
Binary health behavioral outcomes (Models 1-9)
The following health behavior outcomes were categorized as 'Yes' or 'No': Ever have sexual intercourse was measured by the question, 'Have you ever had sexual intercourse?'.
Sexually active was measured by the question, 'During the past 3 months, with how many people did you have sexual intercourse?' 'I have never had sexual intercourse' and 'I have had sexual intercourse, but not during the past 3 months' was re-coded as 'No'. Having sexual intercourse in the past 3 months with 1 or more people was re-coded as 'Yes'. Had sexual intercourse before age 13 was derived from the question, 'How old were you when you had sexual intercourse for the first time?'. Continuous health behavioral outcomes and academic performance (Models 10-12)
The age at first sexual intercourse was measured by the question, 'How old were you when you had sexual intercourse for the first time?' The response options were 'I have never had sexual intercourse', '11 years old or younger', '12 years old', '13 years old', '14 years old', '15 years old', '16 years old' and '17 years old or older'. All responses were re-coded numerically, '11 years old or younger' was re-coded as 11, and '17 years and older' was re-coded as 17.
The number of sexual partners for sexually active youth was measured by the question, 'During the past 3 months, with how many people did you have sexual intercourse?'. The response options were 'I have never had sexual intercourse', 'I have had sexual intercourse, but not during the past 3 months', or 'I have had sexual intercourse in the past 3 months with 1 person', '2 people', '3 people', '4 people', '5 people', '6 or more people'. All responses were re-coded numerically, 'I have never had sexual intercourse' and 'I have had sexual intercourse, but not during the past 3 months' was re-coded as 0, and '6 or more people' was re-coded as 6.
Students' academic grades were measured by the question, 'How were your grades in the past 12 months?' The response options were 'Mostly A's', 'Mostly B's', 'Mostly C's', 'Mostly D's', 'Mostly F's', 'Not sure' and 'None of these grades'. 'Mostly A's' was re-coded as a grade point average (GPA) of 4, 'Mostly B's' was re-coded as a GPA of 3, 'Mostly C's' was re-coded as a GPA of 2, 'Mostly D's' was re-coded as a GPA of 1, 'Mostly F's' was re-coded as a GPA of 0.
Statistical analysis
Descriptive analyses were performed to report unweighted numbers and weighted percents, along with unadjusted odds ratios (Models 1a-9a) and estimated mean values (Models 10-12a). This was followed by multiple regression analyses that adjusted for race/ethnicity, gender and grade level to report estimated adjusted odds ratios (AORs) and 95% confidence intervals (95% CIs). Multiple logistic regression models were performed for the following binary health behavioral outcomes: ever have sexual intercourse (Model 1b), sexually active (Model 2b), had sexual intercourse before age 13 (Model 3b), injection drug use (Model 4b), forced sexual intercourse (Model 5b), tested for HIV/AIDS (Model 6b), birth control use (Model 7b), condom use (Model 8b), drink alcohol or use drugs before last sexual intercourse (Model 9b). Multiple linear regression modeling was performed for the following continuous risky sexual behaviors and academic grades outcomes: age at first sexual intercourse (Model 10b) for those who ever had sexual intercourse, number of sex partners in the last Z. Ma et al.
3 months (Model 11b) for those currently sexually active students, and GPA (Model 12b) academic grades for all students. Interactions between gender, race/ethnicity, grade level in school and HIV/AIDS education were assessed in all models. SAS 9.2 (SAS Institute, Cary, NC) proc surveryfreq, proc surveylogistic and proc surveyreg with strata, cluster and weight variables were used to account for the YRBS complex multistage survey design. SAS estimate and contrast functions were used for estimations and comparisons when an interaction existed. Statistical significance was based on P-value <0.05 or 95% CI not including the null value of 1.
Results

Descriptive summary and association between HIV/AIDS education and demographic characteristics
Of the 16 109 students who responded to the study question (98% response), 87% had HIV/AIDS education. Older students were more likely to report having HIV/AIDS education; 17-year-olds (89%) and those at least 18 years old (88%) were 1.7 times and 1.5 times more likely to have HIV/AIDS education, than the youngest students who were 14 years and younger (83%) (see Table I ). The findings were similar for grade level in school, 11th and 12th graders (89%) were 1.7 times more likely than the 9th graders (83%) to have HIV/AIDS education. Thus, grade level in school is used as a proxy measure for age. Hispanic high-school students (83%) were 1/3 less likely to have HIV/AIDS education than non-Hispanic white (NHW) students (89%). Non-Hispanic black (NHB) (86%) and other race/ ethnicity students (87%) were no more or less likely to have HIV/AIDS education than NHW students. Female students (88%) were slightly more likely to have HIV/AIDS education than male students (86%). 
School HIV/AIDS and risky sexual behaviors
Descriptive summary and unadjusted association between HIV/AIDS education and outcomes HIV/AIDS education was not associated with ever having sexual intercourse or being sexually active in unadjusted models (see Table II ). Students exposed to HIV/AIDS education were about half as likely (5%) to have sexual intercourse before age 13, and to have forced sexual intercourse (7%) than those without HIV/AIDS education (9% and 11%, respectively). Students exposed to HIV/ AIDS education were about 1/5 less likely to inject drugs (1%) and almost 1.5 times more likely to have HIV testing (13%) than those without HIV/AIDS education (7% and 10%, respectively). Students exposed to HIV/AIDS education were about 1.5 times more likely to use birth control (21%) and condoms (62%), and 1/3 less likely to drink alcohol or use drugs (21%) before their last sexual intercourse, than those without HIV/AIDS education (15%, 54% and 29%, respectively).
The average age at first sexual intercourse was 14.6 years for student exposed to HIV/AIDS education, which was about a 6 months' delay when compared with students without HIV/AIDS education (14.1 years). The number of sexual partners in the past 3 months was about 25% less for those exposed to HIV/AIDS education (1.5) than those without HIV/AIDS education (2.0) for sexually active students. The average academic grade (GPA) was 3.0 for students exposed to HIV/ AIDS education and 2.8 for those without HIV/ AIDS education.
Multiple logistic models of association between HIV/AIDS education and risky sexual behaviors
Male high-school students exposed to HIV/AIDS education were less likely to report ever having sexual intercourse (AOR ¼ 0.75, 95% CI 0.57-0.99), less like to be sexually active (AOR ¼ 0.63, 95% CI 0.49-0.81), and less likely to have forced Table III ). There were gender-race/ethnicity-HIV/AIDS education interactions which indicate the different effects of HIV/AIDS education for specific gender, race/ethnicity combinations. All minority ethnic female students exposed to HIV/AIDS education were approximately 2.5 times more likely to have HIV testing than minority ethnic female students without this exposure. But there was no difference in HIV testing for those exposed to HIV/AIDS education versus those without HIV/AIDS education for all male students and NHW female students.
Hispanic and other race/ethnicity students who were sexually active and exposed to HIV/AIDS education were about twice (AOR ¼ 2.06, 95% CI 1.06-4.00) and 4½ times (AOR ¼ 4.56, 95% CI 1.15-18.18) more likely to use birth control during their last sexual intercourse, than sexually active Hispanic students without HIV/AIDS education. There were no statistically significant differences in birth control use between those exposed to HIV/AIDS education and those without HIV/ AIDS education for both NHW and NHB highschool sexually active students. Sexually active students exposed to HIV/AIDS education were 1.5 more likely to use a condom in their last sexual intercourse than those without HIV/AIDS education (AOR ¼ 1.53, 95% CI 1.14-2.05). Students exposed to HIV/AIDS education were 1/3 less likely to drink alcohol or use drugs before last sexual intercourse than those without HIV/AIDS education (AOR ¼ 0.67, 95% CI 0.52-0.85).
Multiple linear models of association between HIV/AIDS education and risky sexual behaviors
There is a gender-HIV/AIDS education interaction which indicates the different effect of HIV/AIDS education for male students (reduced risky sexual behaviors and better academic grades) and female students (no difference) (see Table IV ). For male students who ever had sexual intercourse and were All models adjust for gender, race/ethnicity, grade in school and have gender*HIV/AIDS education interaction.
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exposed to HIV/AIDS education, the average age at first sexual intercourse was 14.3 years, which was a 5 months' delay compared with those without HIV/ AIDS education (13.9 years). The average number of sex partners in the last 3 months for sexually active male students exposed to HIV/AIDS education was 1.8, which is 0.6 fewer partners than the average 2.4 partners for those without HIV/AIDS education. The estimated average GPA for male students exposed to HIV/AIDS education was 0.2 better than those without HIV/AIDS education (2.8 vs. 2.6, P < 0.01). These differences were not observed in female high-school students.
Discussion
Our findings are especially relevant as the percentage of schools teaching how HIV and other STDs are diagnosed and treated, and the health consequences of these conditions and pregnancy, has decreased in approximately 20% of the states [10] . This decline in the implementation of HIV/AIDS education in the United States is worrisome considering the vulnerability of certain minority ethnic groups. Our study of a nationally representative sample of 16 109 high-school respondents found exposure to HIV/AIDS education was associated with less injection drug use, less alcohol or drug use before last sexual intercourse, and increased condom use in sexually active highschool students. There were significant gender and race/ethnicity differences in the association between HIV/AIDS education and reduced risky sexual behaviors and better GPA. Male students with HIV/ AIDS education were less likely to ever have sex, to be currently sexually active, to have forced sexual intercourse, and they delayed their first sexual intercourse by 5 months, and had fewer sexual partners, and they were more likely to have a better estimated GPA, than male students who did not have HIV/ AIDS education. These benefits of HIV/AIDS education were not found for female students. Whereas sexually active students who had HIV/AIDS education were 1.5 times more likely to use birth control during the last time they had sexual intercourse, this association was only significant for Hispanic and other race/ethnicity students, not for NHW or NHB students. In general, all students who had HIV/AIDS education were nearly 1½ times more likely to be tested for HIV testing than those without HIV/AIDS education. However, upon further investigation, this encouraging association was only found for minority ethnic (NHB, Hispanic and other race/ethnicity) female students, not for minority ethnic male students or any NHW students. This large national study is consistent with previous studies that found sex and HIV/AIDS education was effective in delaying the initiation of sex, reducing the number of new partners, reducing the incidence of unprotected sex, increasing the use of condoms and contraception among sexually active participants, reducing STIs and pregnancy rates [6, 7, 11] . It is noteworthy that our study further investigated the reported race/ethnicity disparity related to the higher prevalence of risky sexual behaviors among NHB students than NHW or Hispanic students, along with the increased risk for HIV infection [12] . Our evaluation of potential interactions found that some of the reductions in risky behaviors that were reported for all students, were actually specific for certain gender and/or race/ethnicity groups. This race/ethnicity interaction for adolescents' sexual initiation is consistent with an earlier national longitudinal study [13] . Based on these findings, and a recent randomized-controlled trial for an HIV intervention specifically for a single race/ethnicity gender [14] , it may be prudent to further investigate if HIV/AIDS education should be taught differently and tailored for specific gender-race/ethnicity groups, including outreach to high-risk out of school groups. For example, when HIV/AIDS educational programs are found to be more effective for boys than girls [15] , modifying the intervention for specific race/ethnicity-gender groups may resolve the differences.
We are aware of an earlier study of Colorado 2005 YRBS that reported no significant effect of in-school HIV/ADIS education in reducing risky sexual behavior [16] . This failure to detect statistically significant associations may be due to type II error, as indicated by the quite wide confidence School HIV/AIDS and risky sexual behaviors intervals, reflecting uncertainty as to the true difference because of a small sample size [17, 18] .
Our investigation of the association between exposure to HIV/AIDS education and risky sexual behaviors of American high-school youth has three strengths. First, to the best of our knowledge, this is the first report that students who had HIV/AIDS education were less likely to inject drugs and to have forced sexual intercourse, based on a nationally representative sample of high-school youth. The YRBS is a high-quality survey designed and implemented using a standard protocol which has been field tested for more than 10 years. Second, this is the first report of YRBS analyses of the association between HIV/AIDS education and risky sexual behaviors as well as academic performance using survey regression modeling. This is unique because the results from more than 16 000 surveyed students have external validity and are generalizable to all high-school students in the United States. Third, this large sample allowed us to use a more rigorous analytical approach that simultaneously took into account gender, race/ethnicity and grade level as a proxy measure for age, along with interaction terms. The multi-stage stratified survey methodology that oversampled NHB and Hispanic students provided us with the opportunity to investigate gender and race/ethnicity interactions which were notable. This is a cross-sectional study, hence cause and effect is undetermined, due to the lack of a temporal association between the exposure and outcome. It is not known if the exposure to HIV/AIDS education occurred before or after the risky sexual behaviors. What we do know is that most HIV/AIDS education occurs in middle school in the United States [19] . This is consistent with the United Nations Educational, Scientific and Cultural Organization's recommendation that school-based HIV/AIDS education should ideally start before the onset of puberty, or at the latest before the first sexual intercourse [20] . In addition, even though the YRBS does not currently include questions to the students or to the schools, about when HIV/AIDS education was taught, as depicted in Table I , 83% of students received HIV/AIDS education when they 14 years of age or younger, during or prior to 9th grade.
Whereas, 6% more 12th graders reported having HIV/AIDS education than 9th graders, suggesting that HIV/AIDS education is included in some high-school curricula. Also it is not known if HIV/ AIDS education was taught as part of the curriculum for multiple grade levels. This lack of information could be addressed by including in the YRBS a question about which grade(s) HIV/AIDS education was taught, or by including curriculum details obtained from schools.
Furthermore, we only know if students had any HIV/AIDS education but there are no details regarding the quality (e.g. medically accurate, developmental appropriate, skills based, etc.) of the education provided. It is also not clear if higher GPAs were the benefit of HIV/AIDS education for male high-school students or if school districts with higher GPAs are more likely to include HIV/AIDS education in their curriculum. However, such school-level social economic status (SES) measures are not included in the YRBS. In order to go beyond reporting an association, and to assess the effectiveness of school-based HIV/ AIDS education it is imperative to have the date of the education and details regarding the curriculum. Because YRBS is completed by students while attending school, it may be worthwhile to consider linking YRBS with students' sociodemographic and academic data, or with the school level SES and academic information (retrospectively or prospectively). Additional research is needed to explore these associations further, especially to assess the temporality, consistency of the results, and other potential explanatory factors.
Conclusions
Exposure to school-based HIV/AIDS education may reduce risky sexual behaviors and promote positive behaviors, more so for male students, and minority ethnic female students. Further assessment of the type and extent of school-based HIV/AIDS educational programs is needed, along with adequate data collection to evaluate potential gender and race-ethnicity differences in the effectiveness of Z. Ma et al.
school-based health programs. At the same time, health educators may want to consider modifying sex education so that specific curricula are developed to target certain gender-race/ethnicity students. The inclusion of questions about the time and details of HIV/AIDS education in YRBS should be explored to address the major weakness of this cross-sectional survey by providing data on the temporal association. 
